Abstract-This
I.INTRODUCTION
Tropical regions tend to have the highest lightning density [1, 2] . Located at 2 ̊ 30' N and 112 ̊ 30' E, Malaysia has one of the highest lightning densities in the world. However, there is a lack of knowledge and awareness among both the general public and the engineering/technical communities in Malaysia on lightning safety and protection. Kadir et al., (2012) reported lightning accidents which have led to deaths, injuries, property damage and service disruption [3] . Each year in Malaysia, lightning strikes affect electrical/communication networks, disrupt essential services, damage buildings, start many bushfires, and injure or kill a number of people. These causing large financial losses to the country both directly and indirectly [3] . It has been reported that casualties associated with lightning are high in Malaysia both due to lack of awareness and misconceptions spread by vendors that sell unscientific systems and techniques [4] . In order to increase the general awareness of the danger of lightning to determine whether there are any trends and if particular groups are more at risk, statistics of lightning fatalities and injuries in the country has been compiled. Most lightning injury statistics in Malaysia are based on newspaper reports and medical records. The number of fatalities may be significantly higher than reported as injuries and deaths in rural areas may not spread beyond the individual village where they occurred. Deaths are generally better reported than injuries [5] partly because there is no registry or compulsory recording of lightning injury [6] . In addition, many injuries may not involve a hospital admission and this will affect the accuracy of the database that relies on the reports [7] . This present research used lightning flash density profile provided by the Lightning Detection Network managed by Lightning Detection System Laboratory, TNB Research Sdn. Bhd.
II. DATA AND METHODOLOGY
Most studies in this area have been conducted in the world mainly depends on historical data and newspaper articles, the latter is the dominant source in this matter [8] . Similarly most lightning injury and death statistics in Malaysia are based on newspaper reports and medical records. The real number may be significantly greater than what is reported. In rural areas information on death and injured people who admitted to hospital, rarely spread beyond the village and generally deaths are better reported than injuries [5] . In this study, source of data was kilat malaysia which is a governmental office collecting the information of lightning related deaths and injuries throughout the Malaysia. The website reports are generally based on media reports, newspaper reports, personal anecdotes and hospital admissions [3] .
III. LIGHTNING FLASH DENSITY
Lightning flash density is a critical factor for evaluating the effects of lightning on buildings, structures and electrical networks. In order to consider the distribution of lightning events in a country, a lightning flash density map is usually used by designers to set proper protection levels according to a set of objectives. 
IV. LIGHTNING FATALITIES
Lightning casualties range from one death over 40 years in Northern Ireland to over 20,000 fatalities reported in the United States between 1900 and 1991 [9, 10] . Based on the reports, fatality rates in most developed countries over the past 30 years have been decreased considerably [8, 11, 12] . Based on Elsom (2001) there have been fewer lightning causalities in England and Wales over the past decades [13] . He suggested it was likely due to the fewer people working outdoors in open fields, improved weather forecasts that have enabled people to plan activities that avoid being outside during a thunderstorm, the expansion of urban areas, and improved responses by medical staff. Holle (2005) has reported a considerable reduction in the rate of lightning-caused deaths over the last century in the United States [14] . In this case, this reduction has been assumed to be the result of a shrinkage in the percentage of the population living in rural areas and modifications in construction (e.g., heating, plumbing and electrical systems that effectively ground structures). A brief comparison of rate of the lightning fatalities reported in the past studies (from Mills, 2008 ) is shown in Table I . 
V. LIGHTNING POTENTIAL TO CAUSE INJURIES
Lightning may injure people in several different ways [15] [16] [17] :
• Direct strike, often to the head, causing the serious injuries, and generally occurs to people standing out in the open.
• Contact voltage (touch potential), occurs when current goes into the body through objects struck by lightning that an individual is touching (e.g., golf club, phone, umbrella)
• Splash or flashover voltage from a nearby object, e.g. tree, post, where lightning strikes an object and then a portion arcs to a nearby person.
• Upward streamer, can cause hair to stand on end or objects to buzz or crackle, also a streamer from a person's head could cause injury
•
Step voltage effect (ground current) caused by lightning strike several meters away. This involves current striking the surface through the ground. In this case, the path of least resistance may take the current from the ground through a human body nearby to cause injury. It also depends on the environmental conditions, the orientation of an individual, and distance from the strike.
• Pressure or shock wave, causing blunt trauma injuries, when a person is thrown to the ground by the force of the shock wave due to the lightning or by muscle contraction caused by the current [18] .
In addition, lightning can cause injuries and death indirectly. In this case, less direct but still relevant are the injuries associated with fires started by lightning. Moreover, individuals may be injured by falling roofing or stone, hit by flying bark after a tree is struck, suffer burns in a fire caused by lightning, suffer an accident when the driver of a vehicle is shocked by a lightning strike near the vehicle, hurt by an animal shocked by lightning, or being shocked after observing the damages to their home due to the lightning [8, 13] .
VI. FACTORS INFLUENCING EXPOSURE
Previous studies have recognized a number of reasons associated with situational and population factors that influence exposure. These characteristics have been distinguished through studies on those injured or killed and give insight regarding the ''when, where and what'' characteristics of lightning fatality events. A person's risk of being struck by lightning has been indicated to vary by time of day, week and season. In mid-latitude locations, summer is the peak season for lightning incidence, and is also the time that most lightningrelated fatalities take place [8] . Moreover, nearly 70% of the lightning strike incidents in the United Kingdom [13] occur in the months of June to August, while in Australia most lightning mortalities occur between November and February [19] . In this sense, in the United States, lightning fatalities occur generally between May and August with a maximum in July [20, 21] . According to Curran et al. (2000) , in the United States 24% more lightning deaths occur on Sunday than on any other day of the week. Also, regarding the time of day, most of the fatalities in the United States occur during the afternoon and early evening [20] . Socio-demographic and geographic factors influencing exposure are interrelated at a variety of scales. The frequency of Cloud to Ground (CG) lightning and the population density in particular regions are the macro level factors that play a critical role on exposure. In specific areas, more people and more lightning events associate with a greater potential for an individual to be struck by lightning [8] . As illustrated in Figure 1 , in Malaysia, the CG lightning flash densities are greatest in the states of Selangor and Perak. With regard to demographic attributes of those struck by lightning, a number of research studies have observed a pattern in this matter including age and gender. Generally, younger men account for the majority of lightning strike victims [8] . As Elsom (2001) reported, in the UK males were struck more than women (65% male compared to 35% female). Moreover, among the 27 lightning fatalities reported in Canada, men of 15-50 years were more likely to be killed [22] . In addition, past studies indicate that the majority of fatal incidents in developed countries occur in outdoor environments [13, 14, [23] [24] [25] . In this context, it is reported that different outdoor activities are associated with different levels of risk. In a study by Curran et al. 2000 , the activities that individuals engaged in while struck by lightning were in open fields, ballparks, and playgrounds; under trees; water-related activities (fishing, boating, swimming); golfing; operating tractors, farm equipment, and heavy road equipment; on the telephone; and touching a radio, transmitter or antenna.
VII. EMPIRICAL ANALYSIS OF MALAYSIAN DATA
An empirical analysis was conducted to evaluate the casualty and injury risks associated with lightning in Malaysia. Locations and activity are coded to six classes of indoors, outdoors, agriculture, sports, recreation, small structures as seen in Table II . This study evaluated the available source of mortality information and the results are shown in Figures 2-6 . Figure 2 demonstrates that the majority of fatal incidents occur during outdoor activities (130 out of 224) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , sport, agriculture, recreation, indoors and small structures respectively (see Figure 2) . Moreover, the most lightning fatalities were occurred in outdoor areas and the sports area has the next highest rate in terms of lightning fatalities compared to the others. Therefore, thought should be given to the social training of the public in lightning safety to effectively increase the level of safety awareness. According to the data available to the researcher of this study, in Malaysia most lightning mortalities occur in April and May (see Figure 3) . Therefore, emphasis on public training specifically during these time periods may be helpful to reduce the rate of lightning fatalities in the country. Similarly, most often fatal incidents occurred in rural areas (153 cases) compared to urban (71 cases) (see Figure 4) .Thus, public training through public media such as radio and television, can improve the level of lightning safety in the country. Moreover, most lightning related causalities reported in the statistics since 2008 occurred in the states of Melaka and Selangor (see Figure 4) . As shown in Figure 1 , the rate of lightning flash density in Selangor is higher than other states in Malaysia. As mentioned previously, there is a direct relationship between lightning flash density and the rate of lightning fatalities. Furthermore, Selangor is one of the major industrial states in Malaysia and creating greater public awareness of lightning safety besides the technical issues can be effective to reduce the rate of lightning fatalities, especially in the state of Selangor. Figure 6 shows a distribution of lightning injuries and deaths in Malaysia (2008 Malaysia ( -2015 which shows that the lightning injuries in 2012 had the highest rate. In this case, the spike in injuries rate in 2012 may need to be treated as outlier. There might be specific reasons associated with this observation which needs to be more investigated. In this case, according to data available to the study, the large number of victims in the year 2012 were due to a few large groups with injuries (a few groups of students were camping in a field struck by lightning). For the mentioned reason a significant decline has been observed in the total number of victims struck by lightning from 86 people in 2012, to 17 in 2015 (by the time of this study). A comparison between Figures 4 and Figure 6 indicates that the rural area should be more targeted in terms of improving the level of knowledge on lightning safety and public media can play a significant role in this regard. It should be mentioned that the source of data is from [26] . VIII. CONCLUSION Lightning is a common hazard in Malaysia that regularly injures and kills people. Malaysian lightning-related deaths, injuries reports from 2008 to 2015 were analyzed. Different methods were used to subdivide the features of lightning causalities including urban, rural setting and activities, locations, and types of incidents were defined (i.e. agriculture, indoors, outdoors, small structures, recreation and sports). This research have used data provided by the Lightning Detection Network managed by the Lightning Detection System Laboratory, TNB Research Sdn. Bhd. of Malaysia. Based on the reports, cases of the lightning death have declined significantly over the last century. According to the data available to this study, in Malaysia most lightning mortalities occur in April and May. Moreover, most lightning related causalities reported in the statistics since 2008 have occurred in Melaka and Selangor states. The distribution of fatality locations/activities in Malaysia as reviewed by this study showed that the majority of fatal incidents occurred during activities including outdoor (130 out of 224), sports, agriculture, recreation, indoors and small structures respectively. In summary, despite the fact that the large number of events in year 2012 were due to a few groups struck by lightning, according to the Malaysia statistics a significant decline has been observed in the total number of victims from 86 people in 2012, to 17 in 2015 (by the time of this study). Although these figures could possibly be even further reduced with an appropriate public awareness campaign, especially if targeted to the rural communities in Selangor, Melaka and Perak.
